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Abstract The classical exponentially decaying wall jet
considered independently by Tetervin (NACA TN 1644
40 pp, 1948), Akatnov (Leningrad Politek Inst Trudy
5:24–31, 1953) and Glauert (J Fluid Mech 1:625–643,
1956) as well as its algebraically decaying counterpart
(which will be referred to hereafter as ‘‘algebraic Glauert
Jet’’, or AG-jet for short) belong to the same similarity
class of solutions of the boundary layer equations. We
investigate in this paper the thermal characteristics of a
nonpreheated AG-jet over a permeable wall for pre-
scribed constant wall temperature and prescribed con-
stant heat ﬂux. Their scaling behavior for small and
large values of the Prandtl number is discussed in detail
and compared to that of the classical Tetervin–Akat-
nov–Glauert wall jet.
List of symbols
a, b, c Parameters (46a, b, c)
f (g) Similarity stream function variable (8)
F Gauss’ hypergeometric functions (45)
g (g) Similarity temperature variable (9)
k Thermal conductivity
L Reference length
m, n Streamwise power-law exponents (8, 9)
Nux Local Nusselt number
Pr Prandtl number
q Heat ﬂux
S Dimensionless skin friction, S=f¢¢ (0)
t Transformed independent variable (43)
T Temperature
T* Reference temperature
u, v Velocity components
x, y Cartesian coordinates
z Argument of the Airy functions (14)
Greek symbols
C Gamma function
g Independent similarity variable (10)
h Modiﬁed similarity temperature variable (29),
(30)
j Thermal diffusivity
t Kinematic viscosity
q Density
s Shear stress (14)
w Stream function
Subscripts
I Prescribed constant wall temperature boundary
conditions
II Prescribed constant wall heat ﬂux boundary
conditions
w Wall conditions
Superscripts
prime Derivative with respect to g
Abbreviations
AG Algebraically decaying Glauert wall jet
TAG Tetervin–Akatnov–Glauert wall jet
1 Introduction
It is well known that the classical two-dimensional free
and wall jets belong to two diﬀerent classes of self-similar
E. Magyari (&)
Chair of Physics of Buildings, Institute of Building Technology,
Swiss Federal Institute of Technology (ETH) Zu¨rich,
8093 Zurich, Switzerland
E-mail: magyari@hbt.arch.ethz.ch
P. D. Weidman
Department of Mechanical Engineering, University of Colorado,
Boulder, CO 80309-0427, USA
Heat Mass Transfer (2006) 43: 165–173
DOI 10.1007/s00231-006-0102-1
solutions of the boundary layer equations. In addition to
these exponentiallydecaying jets, further twoplanewall jet
solutions belonging to the same respective similarity
classes are possible, which, however, decay algebraically
in their transversal far ﬁeld. One, the algebraically
decaying Airy wall jet (belonging to the similarity class of
the free jet) has been considered by Weidman et al. [1] on
impermeable walls, and more recently by Magyari et al.
[2] on permeable walls. The existence of the second alge-
braically decaying wall jet (belonging to the similarity
class of the classical wall jet) over a permeable wall in the
presence of similarity-preserving suction, has been re-
ported by Magyari and Keller [3]. This latter wall jet will
be hereafter referred to as the ‘‘algebraic Glauert jet’’ or
AG-jet for short.
The thermal characteristics of the Airy wall jet have
been investigated by Magyari et al. [4] for prescribed
constant wall temperature, by Magyari and Weidman [5]
for prescribed constant wall heat ﬂux and by Magyari
and Weidman [6] for a preheated jet adjacent to an
insulated wall. In [6] the thermal characteristics of the
Airy jet were compared in detail with those of the clas-
sical (exponentially decaying) Tetervin [7]–Akatnov [8]–
Glauert [9] wall jet (TAG-jet). The thermal characteris-
tics of the preheated TAG-jet have been studied by Riley
[10] as a part of a broader study on compressible wall
jets with viscous dissipation, and also by Schwarz and
Caswell [11] for the case of prescribed (constant and
variable) wall temperature.
The main goal of the present paper is to investigate
the thermal characteristics of the AG-jet for constant
temperature and constant wall heat ﬂux conditions at
the permeable wall. The scaling behavior of the thermal
characteristics for small and large Prandtl number will
also be is discussed in detail and compared to that of the
classical TAG-jet.
2 Governing equations
We consider a planar wall jet issuing in a host ﬂuid
through a narrow slot. The jet is not preheated, i.e., its
entrance temperature coincides with the ambient tem-
perature T¥ of the host ﬂuid. The wall is permeable and
a similarity-preserving suction is applied. The z-axis is
parallel to the slot, and x and y are the streamwise and
wall normal Cartesian coordinates, respectively. As
usual (see, e.g., Schlichting and Gersten [12]), the coor-
dinate x is measured from a virtual origin behind the
slot. As shown recently by Revuelta et al. [13], the
concept of the virtual origin serves not only to avoid the
singular behavior of the self-similar jet solutions, but it
even represents a ﬁrst order correction to their leading
order far ﬁeld description.
For incompressible ﬂow in the boundary layer
approximation, neglecting buoyancy and viscous self-
heating eﬀects, the dimensional equations governing
conservation of mass, momentum and energy are
ux þ vy ¼ 0; ð1Þ
uux þ vuy ¼ tuyy ; ð2Þ
uTx þ vTy ¼ jTyy ; ð3Þ
where t and j are the momentum and thermal diﬀu-
sivities, respectively, and subscripts denote partial
derivatives with respect to a coordinate.
The ﬂow and thermal boundary conditions of interest
in this study are:
I. Prescribed constant wall temperature:
u ¼ 0 ðy ¼ 0Þ; ð4aÞ
v ¼ vwðxÞ ðy ¼ 0Þ; ð4bÞ
T ¼ const  Tw[T1 ðy ¼ 0Þ; ð4cÞ
u ! 0 ðy ! 1Þ; ð4dÞ
T ! T1 ðy ! 1Þ: ð4eÞ
II. Prescribed constant wall heat ﬂux:
u ¼ 0 ðy ¼ 0Þ; ð5aÞ
v ¼ vwðxÞ ðy ¼ 0Þ; ð5bÞ
q ¼ const  qw ðy ¼ 0Þ; ð5cÞ
u ! 0 ðy ! 1Þ; ð5dÞ
T ! T1 ðy ! 1Þ; ð5eÞ
where v=vw (x) is the velocity of a lateral suction of the
ﬂuid.
3 Similarity formulation
We introduce the stream function ðu; vÞ ¼ ðwy ;wxÞ and
write the governing equations as
wywxy  wxwyy ¼ twyyy ; ð6Þ
wyTx  wxTy ¼ jTyy : ð7Þ
A suitable general power-law similarity ansatz is given
by:
wðx; yÞ ¼ 2t
mþ 1
x
L
 ðmþ1Þ=2
f ðgÞ; ð8Þ
T ðx; yÞ ¼ T1 þ T xL
 n
gðgÞ; ð9Þ
g ¼ x
L
 ðm1Þ=2 y
L
; ð10Þ
where L is a reference length, T* a reference temperature
and m „  1. The dimensional velocity components are
then
uðx; yÞ ¼ 2
mþ 1
t
L
x
L
 m
f 0ðgÞ; ð11Þ
vðx; yÞ ¼  t
L
x
L
 ðm1Þ=2
f ðgÞ þ m 1
mþ 1 gf
0ðgÞ
 
: ð12Þ
The dimensional suction velocity is given by
vwðxÞ ¼  tL
x
L
 ðm1Þ=2
f ð0Þ; ð13Þ
the skin friction by
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swðxÞ ¼  qt
2
L2
2
mþ 1
x
L
 ð3m1Þ=2
f 00ð0Þ; ð14Þ
the wall temperature distribution by
TwðxÞ ¼ T1 þ T xL
 n
gð0Þ ð15Þ
and the wall heat ﬂux by
qwðxÞ ¼  kTL
x
L
 ð2nþm1Þ=2
g0ð0Þ: ð16Þ
The equations satisﬁed by the similarity functions f (g)
and g (g) are
f 000 þ ff 00  2m
mþ 1 f
02 ¼ 0; ð17Þ
1
Pr
g00 þ fg0  2n
mþ 1 f
0g ¼ 0; ð18Þ
where a prime denotes diﬀerentiation with respect to g
and Pr=t / j is the Prandtl number.
The ﬂow boundary value problem is decoupled from
the thermal problems. The corresponding boundary
conditions for cases I and II are identical, namely
f ð0Þ ¼ fw; ð19aÞ
f 0ð0Þ ¼ 0; ð19bÞ
f 0ðgÞ ! 0 as g ! 1; ð19cÞ
where fw denotes the (positive) suction parameter.
Two ‘‘nonlinear eigenvalues’’ m of the ﬂow boundary
value problem (17) and (19a, b, c) are known. These
values m= 1/3 and m= 1/2, governing the stream-
wise scale of the self-similar ﬂows are associated with
two diﬀerential invariants of (1), (2) and (4a, b) speci-
fying two diﬀerent similarity cases of jets. To m= 1/3
there corresponds the classical (exponentially decaying)
Schlichting–Bickley free jet [14, 15] as well as the alge-
braically decaying Airy wall jet [1, 2], while to m= 1/2
there corresponds the classical (exponentially decaying)
TAG-jet [7–9] as well as its algebraically decaying
counterpart the AG-jet [3]. The role of the nonlinear
eigenvalues becomes apparent by observing that (17)
may be written in the two distinct forms
f1
d
dg
f 3=2
d
dg
f1=2f 0 þ 2
3
f 3=2
  
 2ð2mþ 1Þ
mþ 1 f
02 ¼ 0
ð20Þ
and
d2
dg2
f 0 þ 1
2
f 2
 
 3mþ 1
mþ 1 f
02 ¼ 0 ð21Þ
showing that the last term in (20) vanishes when m=
1/2 and the last term in (21) vanishes when m= 1/3. As
pointed out recently by Krechetnikov and Lipatov [16]
these two nonlinear eigenvalues are singled out in fact by
a symmetry property, by some ‘‘hidden invariances’’
of the basic equations and not by an asymptotic
requirement concerning the way in which the transversal
far ﬁeld of the corresponding decays.
The present investigation is concerned only with the
AG- and TAG-jets corresponding to the nonlinear
eigenvalue m= 1/2. However, for the sake of trans-
parency, in Table 1 the nomenclature, the asymptotic
behavior and the main references have been collected for
all the four types of laminar jets associated with the
nonlinear eigenvalues m= 1/2 and m= 1/3.
4 The AG-jet solution
For m= 1/2 (20) yields the ﬁrst integral
f 3=2
d
dg
f1=2f 0 þ 2
3
f 3=2
 
¼ const: ð22Þ
Evaluation of this equation g=0 and taking into
account the boundary conditions (19a, b, c) one obtains
for the integration constant the value fw S where
S  f 00ð0Þ is the dimensionless skin friction. Thus, (22)
becomes
2ff 00 þ 2f 2f 0  f 02 ¼ 2Sfw: ð23Þ
For an impermeable wall (fw=0) one recovers in (23) the
equation of the TAG-jet. With suction (fw „ 0), how-
ever, a wall jet solution with algebraic asymptotic decay
f 0ðgÞ ! cg2=3; ð24aÞ
i.e.,
f ðgÞ ! 3cg1=3 as g ! 1 ð24bÞ
emerges for positive constant c, [3]. Evaluation of (23) as
g ﬁ ¥, using the behaviors given in (24a, b), immedi-
ately furnishes the scale factor c of the asymptotic decay
of the jet velocity
c ¼ Sfw
9
 1=3
: ð25Þ
Table 1 Overview of the laminar jets associated with the nonlinear
eigenvalues m= 1/2 and m= 1/3
Nonlinear
eigenvalue
m
Asymptotic decay References
Exponential Algebraic
1/2 Tetervin–Akatnov–Glauert
wall Jet (TAG-jet)
[7–13, 16]
Algebraic
Glauert
wall jet
(AG-jet)
[3, present]
1/3 Schlichting–Bickley
free jet
[12–16]
Airy wall jet [1, 2, 4–6]
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Since the skin friction parameter S is positive [3], fw must
also be positive. This requires according to (13) the
following distribution of the (dimensional) suction
velocity along the wall
vwðxÞ ¼  tL
x
L
 3=4
fw: ð26Þ
For any speciﬁed value of fw > 0 there exists a family
of AG-jet solutions depending on the parameter S. For
S=2/9, corresponding to the the TAG-jet normalization
used by Glauert [9], we have from (25) c=(2fw/81)
1/3 and
the AG-jet corresponding to a speciﬁed value of fw is
obtained as the unique solution of the initial value
problem
2ff 00 þ 2f 2f 0  f 02 ¼ 4fw=9; ð27aÞ
f ð0Þ ¼ fw; ð27bÞ
f 0ð0Þ ¼ 0: ð27cÞ
It is worth underlining here that the AG-jet emerges
from the same balance equations and boundary condi-
tions as the classical TAG-jet. The approach leading to
the AG-jet is also exactly the same, except that it relaxes
two of Glauert’s initial restrictions, namely:
1. The explicit restriction to an impermeable wall, and
2. The tacit restriction to an exponential decay (more
precisely to a decay which is faster than g2/3).
As previously shown in [3], the AG-jet solution
(27a, b, c) tends precisely to the TAG-jet as fw ﬁ 0.
This gradual crossover of the AG-jet into the TAG-jet is
illustrated in Fig. 1. In the sequel, only AG-jets with
skin friction parameter S=2/9 will be considered.
5 Associated thermal boundary value problems
The thermal boundary value problems I and II are
coupled to the ﬂow problem (27a, b, c) as follows.
I. Prescribed constant wall temperature:
According to (15), the temperature exponent n=0 is
required. Thus, the thermal boundary value problem is
1
Pr
g00 þ fg0 ¼ 0; ð28aÞ
gð0Þ ¼ þ1; ð28bÞ
gð1Þ ¼ 0: ð28cÞ
The temperature ﬁeld is given by T ¼ T1 þ TgðgÞ,
where the reference temperature T* is speciﬁed by the
prescribed value Tw of the wall temperature. In this way,
T ¼ Tw  T1 and
T ¼ T1 þ ðTw  T1ÞgðgÞ: ð29Þ
The quantity of primary engineering interest is the wall
heat ﬂux distribution which, according to (16), becomes
in this case
qwðxÞ ¼  kðTw  T1ÞL
x
L
 3=4
g0ð0Þ: ð30Þ
The corresponding local Nusselt number
Nux ¼ ðqwx=kÞ=ðTw  T1Þ leads in this case to the aver-
age Nusselt number
hNuxiI ¼
1
L
ZL
0
Nuxdx ¼  4
5
g0ð0Þ: ð31Þ
II. Prescribed constant wall heat ﬂux:
According to (15) the temperature exponent required
for constant wall heat ﬂux is n=(1  m)/2=3/4. Thus,
the corresponding thermal boundary value problem is
1
Pr
g00 þ fg0  3f 0g ¼ 0; ð32aÞ
g0ð0Þ ¼ 1; ð32bÞ
gð1Þ ¼ 0: ð32cÞ
The temperature ﬁeld is given by T ¼ T1þ
Tðx=LÞ3=4gðgÞ where the reference temperature T* is
Fig. 1 Gradual crossover of the
AG-jet into the TAG-jet as fw
ﬁ 0
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speciﬁed by the prescribed value of the wall heat ﬂux,
qw=kT* / L. In this way one obtains
T ¼ T1 þ qwLk
x
L
 3=4
gðgÞ; ð33Þ
and hence the wall temperature distribution is
Tw ¼ T1 þ qwLk
x
L
 3=4
gð0Þ: ð34Þ
The local Nusselt number Nux ¼ ðqwx=kÞ=ðTw  T1Þ
leads in this case to the average Nusselt number
hNuxiII ¼
1
L
ZL
0
Nuxdx ¼ 4
5
1
gð0Þ : ð35Þ
6 Dependence on fw and Pr
We investigate in this section the dependence on fw and
Pr of the average Nusselt numbers governed by g¢ (0) for
constant prescribed wall temperature and g(0) for con-
stant prescribed wall heat ﬂux, for both the TAG- and
the AG-jets.
I. Prescribed constant wall temperature:
The corresponding boundary value problem
(28a, b, c) has been solved for the TAG-jet several
decades ago by Riley [10] as a part of a broader study of
compressible wall jets with viscous dissipation (see also
Schwarz and Caswell [11]). The dimensionless wall
temperature gradient g¢ (0) is readily obtained in this
case with the aid of the ﬁrst integral of (23) for fw=0,
namely
f 0 ¼ 2
3
ðf 1=2  f 2Þ ðTAG-jetÞ; ð36Þ
(28a, b, c) and (36) then yield
g0ðgÞ ¼ g0ð0Þ exp Pr
Zg
0
f dg
0
@
1
A ¼ g0ð0Þð1 f 3=2ÞPr:
ð37Þ
Furthermore,
gðgÞ ¼ 1þ g0ð0Þ
Zg
0
ð1 f 3=2ÞPrdg
¼ 1þ 3
2
g0ð0Þ
Zf
0
f1=2ð1 f 3=2ÞPr1df :
ð38Þ
Letting here g ﬁ ¥ and taking into account f (¥)=1,
we recover the known result [10, 11]
g0ð0Þ ¼  CðPr þ 1=3Þ
Cð1=3ÞCðPrÞ ðTAG-jetÞ ð39Þ
and, therefore, according to (31),
hNuxiI ¼
4
5
CðPr þ 1=3Þ
Cð1=3ÞCðPrÞ ðTAG-jetÞ: ð40Þ
For the AG-jet, although the ﬁrst part of (37) holds
also in this case, only numerical solutions are possible.
As a ﬁrst illustration in Fig. 2 the dimensionless tem-
perature proﬁles g (g) are plotted for both the TAG- and
the AG-jets at Pr=1, in the latter case for suction
parameter values fw=0.5 and 1.
We now turn our attention to the Prandtl number
dependence of g¢ (0). Taking into account the properties
of the Gamma function [17], we deduce from (33) the
following scaling behavior for the TAG-jet
g0ð0Þ ! Pr for Pr ! 0; ð41aÞ
g0ð0Þ !
P1
j¼0ð1=3jj!Þ
Cð1=3Þ exp ð1=3Þ Pr
1=3 ¼ 0:373282Pr1=3
for Pr ! 1;
ð41bÞ
0 2 4 6 8
0
0.2
0.4
0.6
0.8
1
( ) ( )
( ) ( )
( ) ( )
TAG-jet 0 : 0 1/ 3
AG-jet 0.5 : 0 0.659543
AG-jet 1.0 : 0 1.078539
w
w
w
f g
f g
f g
 = =
 = =
 = =
g(h)
1
2 / 9
Pr
S
=
=
h
–
–
–
'
'
'
Fig. 2 Dimensionless similar
temperature proﬁles for the
TAG- and AG-jet, respectively,
for a prescribed constant wall
temperature
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and thus the asymptotic forms of the average Nusselt
number (40) are given by
hNuxiI ¼
0:8Pr for Pr ! 0
0:298626Pr1=3 for Pr ! 1

ðTAG-jetÞ:
ð41cÞ
The full dependence on Pr of the average Nusselt
number (40) of the TAG-jet in the range 0 < Pr £ 10 is
shown in Fig. 3.
For the AG-jet, numerical solution of the boundary
value problem (27a, b, c) for fw=1 yields
g0ð0Þ ¼ 0:793663Pr
3=4 for Pr ! 0
Pr for Pr ! 1

ðAG-jet; fw ¼ 1Þ;
ð42aÞ
and thus
hNuxiI ¼ 0:634930Pr
3=4 for Pr ! 0
0:8Pr for Pr ! 1

ðAG-jet; fw ¼ 1Þ:
ð42bÞ
Comparison of (41c) with (42b) shows that the average
Nusselt numbers of the TAG- and AG-jets scale diﬀer-
ently with Pr in both the small and large Prandtl number
limits.
II. Prescribed constant wall heat ﬂux:
The quantity of primary physical interest here
according to (35) is the dimensionless wall temperature
g(0), determined from the solution of the boundary va-
lue problem (32a, b, c). For the TAG-jet the result can
be obtained analytically again as follows.
Following Riley [10], the variable transformation
t ¼ 1 f 3=2 ð43Þ
is introduced to rewrite the boundary value problem
(32a, b, c) as
tð1 tÞd
2g
dt2
þ 1 Pr  5
3
 Pr
 
t
 
dg
dt
 2Prg ¼ 0;
ð44aÞ
lim
t!1
tð1 tÞ2=3 dg
dt
 
¼ 1; ð44bÞ
gjt¼0 ¼ 0: ð44cÞ
The general solution of (44a) is a linear combination
of the hypergeometric functions [17]. Given here in the
form
g ¼ AF ða; b; aþ bþ 1 c; 1 tÞ
þ Bð1 tÞ1=3F ðc b; c a; c a bþ 1; 1 tÞ;
ð45Þ
where A and B are constants and
c ¼ 1 Pr; ð46aÞ
a ¼ 1
6
2 3Pr þ
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
9Pr2  84Pr þ 4
p 
; ð46bÞ
b ¼ 1
6
2 3Pr 
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
9Pr2  84Pr þ 4
p 
: ð46cÞ
Using the properties of the hypergeometric functions
[17], the boundary conditions (44a, b, c) determine the
constants in
A ¼ 3 F ðc b; c a; 4=3; 1Þ
F ða; b; 2=3; 1Þ ; B ¼ 3 ð47Þ
in (45). In this way, we obtain for the reciprocal value of
the dimensionless wall temperature
1
gð0Þ ¼
1
3
F ða; b; 2=3; 1Þ
F ðc b; c a; 4=3; 1Þ ð48Þ
Further use hypergeometric functions properties shows
that (48) can be transformed into
0 2 4 6 8 10
0
0.2
0.4
0.6
0.8
1
, .x wII
Nu q const=
1/3Pr∝
∝
, .x wI
Nu T const=
Pr
TAG-jet
Pr
Fig. 3 Plot of the average
Nusselt numbers (40) and (50)
of the TAG-jet as a function of
Pr for prescribed constant wall
temperature and constant wall
heat ﬂux, respectively
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1gð0Þ ¼
Cð2=3Þ
Cð1=3Þ
Cð1=3þ Pr þ aÞCð1=3þ Pr þ bÞ
Cð2=3 aÞCð2=3 bÞ
ðTAG-jetÞ;
ð49Þ
and thus, according to (35)
hNuxiII ¼
4
5
Cð2=3Þ
Cð1=3Þ
Cð1=3þ Pr þ aÞCð1=3þ Pr þ bÞ
Cð2=3 aÞCð2=3 bÞ
ðTAG-jetÞ:
ð50Þ
The AG-jet solutions again are only available
through numerical solution of boundary value problem
(32a, b, c). As an illustration in Fig. 4, dimensionless
temperature proﬁles g (g) are plotted for Pr=1, both for
the TAG- and AG-jets, in the latter case for the values
fw=0.5 and 1 of the suction parameter.
The Prandtl number dependence of g(0) may be
determined as follows.
Taking into account the properties of the Gamma
function [17], we deduce from (49) the following scaling
behavior (for the TAG-jet)
1
gð0Þ ! 4Pr for Pr ! 0; ð51aÞ
1
gð0Þ !
9
5Cð1=3Þ Pr
1=3 for Pr ! 1; ð51bÞ
and hence
1
gð0Þ ¼
4Pr for Pr ! 0
0:671908Pr1=3 for Pr ! 1

ðTAG-jetÞ:
ð51cÞ
Thus, the corresponding average Nusselt number given
in (35) becomes
hNuxiII ¼
3:2Pr for Pr ! 0
0:537526Pr1=3 for Pr ! 1

ðTAG-jetÞ:
ð52Þ
The full dependence on Pr of the average Nusselt
number (50) of the TAG-jet in the range 0 < Pr £ 10 is
shown also in Fig. 3.
For the AG-jet numerical solution of the boundary
value problem (27a, b, c) for fw=1 yields
1
gð0Þ ¼
2:473968Pr3=4 for Pr ! 0
Pr for Pr ! 1

ðAG-jet; fw ¼ 1Þ;
ð53aÞ
and thus
hNuxiII ¼ 1:979174Pr
3=4 for Pr ! 0
0:8Pr for Pr ! 1

ðAG-jet; fw ¼ 1Þ:
ð53bÞ
Comparing (53b) with (52) one immediately sees that
the average Nusselt numbers of the TAG- and AG-jets
scale with the Prandtl number also in this case quite
diﬀerently. The full dependence on Pr of the average
Nusselt numbers (42b) and (53b) of the AG-jet in the
ranges Pr £ 103 and 0 < Pr £ 10 is shown in Figs. 5
and 6, respectively.
7 Summary and conclusions
The scaling behavior of the average Nusselt numbers of
the TAG and AG wall jets for small and large values of
the Prandt number Pr are summarized for prescribed
constant wall temperature Tw (subscript I) and for
constant wall heat ﬂux qw (subscript II) in Table 2. The
full dependence on Pr of these quantities in extended
ranges Pr is shown in Figs. 3, 5 and 6.
Table 2 shows that the Nusselt numbers ÆNux æI and
ÆNux æII of the TAG- and AG-jets scale for small values
of Pr with Pr and Pr3/4, respectively, while for large
values of Pr they scale with Pr1/3 and Pr, respectively.
It is therefore concluded that the TAG- and AG-jets,
although they belong to the same similarity class, can be
0 1 2 3 4 5
0
0.25
0.5
0.75
1
1.25
1.5
( ) ( )
( ) ( )
( ) ( )
TAG-jet 0 : 0 1.529117
AG-jet 0.5 : 0 1.102886
AG-jet 1.0 : 0 0.803429
w
w
w
f g
f g
f g
= =
= =
 = =
g(h) 
1
2 / 9
Pr
S
=
=
h
Fig. 4 Dimensionless similar
temperature proﬁles for the
TAG- and AG-jet, respectively,
for a prescribed constant wall
heat ﬂux
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, .x wII
Nu q const=
, .x wI
Nu T const=
AG-jet
1wf =
Pr
Fig. 5 Plot of the average
Nusselt numbers of the AG-jet
as a function of Pr for
prescribed constant wall
temperature and constant wall
heat ﬂux, respectively, in the
range Pr £ 103 where they
both scale according to (53b)
with Pr3/4 (as Pr ﬁ 0)
2 4 6 8 10
1
2
3
4
5
6
7
8
, .x wII
Nu q const=
, .x wI
Nu T const=
AG-jet
1wf =
Pr
Fig. 6 Plot of the average
Nusselt numbers of the AG-jet
as a function of Pr for
prescribed constant wall
temperature and constant wall
heat ﬂux, respectively, in the
range 1 £ Pr £ 10 where they
both scale according to (53b)
with Pr (as Pr ﬁ ¥). For
Pr=10, ÆNux æI exceeds the
asymptotic value 0.8Pr=8 only
by 0.2% and ÆNuxæII by 0.8%
Table 2 Overview of the
Prandtl number dependence
of the average Nusselt numbers
of the TAG- and AG-jets,
respectively
Average
Nusselt
number
Jet Pr ﬁ 0 Pr ﬁ ¥
hNuxiI ¼ 45 ½g0ð0Þ ¼ ðTw ¼ constÞ TAG-jet 0.8Pr (41c) 0.298626
Pr1/3 (41c)
AG-jet (fw=1) 0.634930
Pr3/4 (42b)
0.8Pr (42b)
hNuxiII ¼ 45 1gð0Þ ¼ ðqw ¼ constÞ TAG-jet 3.2Pr (52) 0.537526
Pr1/3 (52)
AG-jet (fw=1) 1.979174
Pr3/4 (53b)
0.8Pr (53b)
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distinguished from each other not only by their far ﬁeld
behavior (exponential vs. algebraic decay) but also by
the Prandtl number-dependence of their main thermal
characteristics (see Tables 1 and 2).
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